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Description 

BACKGROUND OF THE INVENTION 

5 This invention relates to electrodeposition coating compositions containing a water-soluble or water- 
dispersible modified epoxy resin as an electrically depositable film-forming component thereof. 

Electrically depositable, film-forming resins used in anodic electrodeposition coating compositions 
generally have a number of hydrophilic groups such as carboxylic group for rendering the resins negatively 
chargeable and water-soluble or water-dispersible. A relatively large number of such hydrophilic groups 

10 must be introduced to the resin molecule for imparting a desired level of water-solubility or water- 
dispersibility. This, in turn, requires the use of a large amount of base for neutralizing acid groups 
possessed by the resin. Also, the resins tend to be liable to hydrolysis and thus are unstable upon storage. 
The introduction of a large number of hydrophilic groups results In a decreased Coulomb efficiency and 
throwing power during the electrodeposition coating process while consuming a large quantity of electric 

;5 energy. 

Typical examples of resins used in the anodic electrodeposition coating process include maleinized 
drying oils, maleinized liquid polybutadiene. acrylic polymers having acid groups and the like. These resins 
themselves are not satisfactory in their film properties such as corrosion resistance or adhesion strength to 
substrates. In order to overcome these defects, water-insoluble thermosetting resins such as epoxy acrylate 

20 resins are often incorporated to anodic coating compositions as an aqueous emulsion. Since the base resins 
themselves do not function as a surfactant, they must be emulsified by means of a separate emulsifier 
which may adversely affect the film properties such as water resistance. 

Epoxy resins are known to have many advantageous characteristics such as good adhesion to metal 
substrates, high corrosion and chemical resistance, high electrical insulating property and the like. For this 

25 reason their use is ever increasing in a wide variety of fields. Generally, epoxy resins are used as such or 
as a solution In an organic solvent. It Is often difficult to obtain an optimal balance between their hardness 
and other properties when used in coating compositions. Water-based epoxy coating compositions may be 
produced either by emulsifying water-insoluble resins or by introducing hydrophilic moieties into the resin 
backbone to make them water-soluble or water-dispersible. The resulting coating compositions, however. 

30 must suffer from the above described disadvantages such as decrease in water-resistance, storage stability 
and other properties. 

It is known in the prior art to produce a modified epoxy resin having a plurality of flexible side chains by 
graft polymerizing c-caprolactone to alcoholic hydroxy groups in the middle of an epoxy resin molecule. The 
resin also has a plurality of primary alcoholic hydroxy groups at the terminal of each side chains. See, 
35 Japanese Laid Open (Kokai) Patent Application Nos. 164116/1982. 187463/1983 and 44915/1986. However, 
resins of this type do not possess any chargeable group required for electrically depositable resins. 

SUMMARY OF THE INVENTION 

40 It is therefore a principal object of the present invention to provide an anodic electrodeposition coating 
composition containing a modified epoxy resin having at least one flexible polymer segment attached to an 
alcoholic hydroxy group present In the middle of the resin backbone and also an anionic hydrophilic group 
attached to at least one terminal of the resin backbone. 

Other objects and advantages of the present invention will become apparent to those skilled in the art 

45 as the description proceeds. 

According to the present invention, this object is accomplished by providing an anodic electrodeposition 
coating composition comprising a modified epoxy resin dispersed in an aqueous medium containing a base 
In an amount sufficient to neutralize at least 10 mole % of the resin, said modified epoxy resin being 
derived from an epoxy resin having an epoxy equivalent from 100 to 6.000 and two epoxide groups and at 

50 least one alcoholic hydroxy group at the terminals and the middle of the resin backbone, respectively, said 
modified epoxy resin having at said middle at least one side chain block of the formula: 
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wherein Ri and R2 are independently H or CH3. A is an ether or ester linkage formed from said alcoholic 
hydroxy group or bivalent linkage formed by the reaction of a dilsocyanate compound with said alcoholic 

T5 hydroxy group, B is a linear polymer block selected from linear poly lactone, polylactam, polyether or 
polyester chains, and having a molecular weight from 100 to 7,000, and Y is hydroxy, amino, carboxy or a 
half blocked dilsocyanate compound bound to these active hydrogen-containing groups, and at least one 
acid group derived from said terminal epoxide group, the ratio of the molecular weight of the backbone 
polymer segment to the total molecular weight of the side chains being 0.1 to 10. 

20 The terminal acid group may be a group of the formula: 



1^ |2 



25 



— CH, — C — CH — X (H) 
I 

OH 

30 wherein Ri and R2 are as defined, and X is the residue of a polyfunctlonat carboxylic, sulfonic or 
phosphoric acid having an active hydrogen-containing group capable of reacting with said epoxide group. 
Alternatively, the terminal acid group may be represented by the formula: 



35 



40 

or, 

45 



— CH, — C — CH — N — — Z (M) 
OH 



R, R. 



1^ 1^ ^Ji.—Z 



— CH, — C — CH — uC^ (m*) 
^ I ^R.— Z 

OH ^ 



wherein, Ri and Rz are as defined, R3 is H, or unsubstituted or substituted Ci-Cao all<yl, R4 is unsubstituted 
55. or substituted Ci- Ctz alkylene or phenylene, optionally interrupted with a ether or ester linkage, and Z is 
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-COOH, -CHCOOH, -SO.H, 
I 

CH.COOH 

5 



0 

,0 II 

-OSOjH, -0-P-OH 
I 



wherein Rs is H, unsubstituted or substituted Ci -Ci 2 aikyi or phenyl, or partially esterified polybasic organic 
acid residue. 

Furthermore, said terminal acid group may be formed by reacting at least one of said terminal epoxide 
groups with a compound having at least two active hydrogen-containing groups capable of reacting with 

20 said epoxide group and with an isocyanato group, respectively, and then reacting the resulting product with 
a half blocked diisocyanate compound having a free carboxyl group. 

The modified epoxy resins used in the present invention have a plurality of pendant side chain blocks 
attached to the linear polymer backbone forming a comb-shaped configuration. Accordingly, as will be 
apparent from the free volume theory, they have a viscosity level substantially lower then the viscosity of 

25 linear polymers having a corresponding molecular weight. This permits increased flexibility of polymer 
design. The resins also have an anionic hydrophilic group at one or both terminals. This gives a good HLB 
between the terminal acid group and the hydrophobic side chain blocks. Therefore, the resins themselves 
may function as a surfactant capable of stably dispersing in an aqueous medium or as a dispersant capable 
of stabilizing aqueous dispersions of water-insoluble thermosetting resins or pigments. 

30 The resin also has at the terminal of each linear side chain a functional group such as hydroxy, amino 
or carboxy which provides a reaction site with a cross-linking agent such as blocked polyisocyanate 
compounds or melamine resins. Accordingly, the resin may be cured with a cross-linking agent into a 
nonfusible and insoluble state after having played its role as an emulsifier or dispersant without compromis- 
ing the water resistance and other properties of the resulting coating films. The presence of terminal acid 

35 groups on the resin backbone not only renders the resin water-soluble but also provides electrical charges 
required for electrodeposition coating process. Thus, the resin may conveniently be used in producing 
anodic electrodeposition coating compositions having a high dispersing stability and Coulomb efficiency. 



DETAILED DISCUSSION 

40 

Starting Epoxy Resin 

Any epoxy resin of a linear backbone structure having epoxide groups at both terminals and at least 
one alcoholic hydroxy group in the middle of the resin backbone may be used. Examples of such epoxy 

45 resins include bisphenol epoxy resins such as bisphenol A. bisphenol S or bisphenol F epoxy resins; 
diglycidyl ethers of glycols such as butanediol, hexanediol or hydrogenated bisphenol A; diglycidyl ethers 
of a polyoxyalkylene glycols such as polyethylene glycol, polypropylene glycol, polybutylene glycol or 
adducts of alkylene oxides with bisphenols; diglycidyl esters of dicarboxylic acids such as terephthalic, 
isophthalic. phthalic or adipic acid; and diglycidyl ethers or esters of hydroxy carboxylic acids such as p- 

60 hydroxybenzoic acid or m-hydroxybenzolc acid. 

Linear epoxide compounds having no alcoholic group in the middle of their backbone may also be used 
after chain extending with a bifunctional active hydrogen-containing compound to give a pre-modified epoxy 
resin having an alcoholic hydroxy group formed by the ring-opening of the ep>oxide group in tiie middle of 
the chain extended polymer. The term "epoxy resins" as used herein is intended to include such chain 

65 extended pre-modified epoxy resins. Such chain extenders must have two active hydrogen-containing 
groups per molecule such as amino, imino. hydroxy or carboxy. Specific examples thereof include alkylene 
glycols such as ehtylene glycol, trimethylene glycol, tetramethyiene glycol, or 1 .6-hexanediol: polyalkylene 
glycols such as polyethylene glycol or polypropylene glycol; polyester diols such as hydroxy terminated 
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poty(6thylene glycol adipate); diphenols such as btsphenol A, 1 J-bis(4-hydroxyphenyl)ethane. 2*methyl-1,1- 
bis(4-hydroxyphenyl)propane, 2,2-bis(4-hydroxy-3-t-butylphenol)propane, bis(2-hydroxynaphthyl)methane or 
1 ,5>dihydroxynaphthalene; dicarboxylic acids and acid anhydrides such as adipic acid, azelaic acid, maleic 
anhydride or phthalic anhydride: polyester dicarboxylic acids such as carboxy terminated poly(ethylene 

5 glycol phthaiate); alkanolamines such as N-nrtethylethanolamine. N-methylpropanolannine. diethanolamine or 
dipropanolamine; and diamines such as N.N'-dimethylethylenediamine or N.N'-dimethyldimethylenetriamine. 

The starting epoxy resins nr^ust have an epoxy equivalent ranging from 100 to 6.000 to provide the 
finally modified resins with a suitable HLB level. They also must have at least one alcoholic hydroxy group 
in the middle of the backbone chain as a reaction site for introducing linear polymer side chains. However, 

10 the number of such hydroxy groups is preferably less than 50 per molecule. 

Introduction of Side Chain Polymers 

Polymer side chains may be introduced to the starting epoxy resin either by directly reacting with a 
;5 lactone, cyclic ether or lactam or by reacting a dilsocyanate and a linear oligomer having an active 
hydrogen-containing group at each terminal. 

Usable lactones may be represented by the formula: 

R — CH — (CH,) — C=0 

l__„j:j 

25 wherein R is H or methyl, and n is 1-4. Specific examples include iS-propiolactone, 7-butyrolactone, 5- 
verlerolactone, c-caprolactone. c-enatholactone and the like. 

Usable cyclic ethers include ethylene oxide, propylene oxide and the like. 

Usable lactams include €-caprolactam. 1-methyle-€-caprolactam, 3-methyl-6-caprolactam. 5-ethyle-6- 
caprolactam and the like. 

30 The addition polymerization of lactones may be performed at a temperature of about 100*C to 250 *C. 
preferably from about 120*C to about 200 *C in the presence or absence of a reaction solvent and a 
catalyst. 

Examples of catalysts include titanium compounds such as tetrabutyl titanate, tetraethyl titanate, 
tetraisopropoxytitanium. butoxytitanium trichloride or titanium tetrachloride; aluminium compounds such as 
35 triethylaluminum, ethylaluminum chloride or aluminum trichloride; zinc compounds such as diethylzinc or 
zinc chloride, tin compounds such as dibutyltin oxide, dibutyltin laurate or stannous chloride; boron 
compounds such as boron trifiuoride; acids such as p-toluenesulfonic acid or phosphoric acid; alkali metals 
and their complexes such as lithium, sodium, sodium naphthalene or ptoassium benzophenone; alkali metal 
hydroxides such as lithium, hydroxide, sodium hydroxide or potassium hydroxide; alkali metal salts such as 
40 sodium carbonate or lithium acetate: alkali metal hydrides such as lithium hydride or sodium hydride; and 
tertiary amines such as triethylamine or pyridine. 

The addition polymerization of cyclic ethers and lactams may also be performed using conventional 
techniques which are well-known in the art. 

The polymer side chains may be introduced to the epoxy resin backbone using a diisocyanate 
45 compound and a linear oligomer having an active hydrogen-donating group at each terminal. 

Usable diisocyanate compounds include 2,4- or 2,5-toluylenediisocyanate. 4.4'-diphenyl- 
methanediisocyanate, xyly lenediisocyante. hexamethylenediisocyanate, isophoronediisocyanate. 1 - 
methyIcyclohexane-2,4-diisocyanate, 1.2-dimethylcyclohexanediisocyanate. dicyclohexylmethane-4,4'- 
diisocyanate and the like. 

50 Usable oligomers are linear oligomers terminated with an active hydrogen-donating group such as 
hydroxy, amino or carboxy and include polyester diols, polyether diols such as polypropylene glycol, 
polyethylene glycol or polytetramethylene glycol, acrylic polyols, and polycaprolactone. 

The reaction may be performed by reacting three components simultaneously or by reacting the 
diisocyanate first with one of the epoxy resin and the oligomer and then with the remaining component. 

55' The molecular weight of each linear polymer side chain preferably ranges from 100 to 7,000, more 
preferably from 200 to 3.000. The ratio of the molecular weight of backbone polymer segment to the total 
molecular weight of side chains ranges 0.1 to 10, more preferably from 0.5 to 8. Within above ranges the 
final resin products may exhibit well-balanced surface activity and flexibility with a decreased viscosity. 
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All or part of active hydrogen-donating groups present at the terminal of each side chain may be 
reacted with a half blocked diisocyanate compound in order to further enhance the surface activity and 
curability of the resulting product. To this end any one of previously described diisocyanate compounds 
may be used after blocking one isocyanato group with a suitable blocking agent capable of unblocking upon 

5 heating. Examples of usable blocking agents for this purpose include alphatic alcohols such as n-butanol. 2- 
ethylhexanol or stearyl alcohol: aromatic alcohols such as phenylcarbinol or methytphenylcarbinol; glycol 
monoethers such as ethylene glycol monomethyl- or monobutyl ether; phenols such as phenol or cresol; 
oximes such as acetoxime or methylethylketoxime; lactams such as caprolactam; and dialkylaminoaikanols 
such as 2-dimethylaminoethanol or 2-diethylaminoethanol. The degree of modification of terminal functional 

10 groups possessed by the side chain blocks may vary from 20 to 100%, preferably from 30 to 80%. When 
the degree of modification is lower than the above range, the surface activity and curability of the product 
will not be enhanced as desired. A modification degree higher than 80% often tends to Increase the 
viscosity of reaction mixture excessively. 

Particularly advantageous blocking agents are aliphatic alcohols having more than 3 carbon atoms. 

75 aromatic alcohols and phenols. They are capable of giving a desired level of surface activity when the resin 
is in aqueous phase but capable of unblocking and cross-linking at a relatively low baking temperature. 

The effect of chemical modification of terminal functional groups with the half blocked diisocyanate 
compound may also be seen in a increased throwing power and Coulomb efficiency due to the decrease of 
electric resistance of deposited film when the product is used in the electrodeposition coating composition 

20 of this Invention. 

Introduction of Anionic Hydrophilic Group 



Another structural feature of the resins used herein is the fact that they have an anionic hydrophilic 
25 group in place of epoxide group at least one terminal end of the linear resin backbone. Preferably, the 
anionic hydrophilic group is introduced to both terminal ends. In this case, the resin molecule assumes a 
unique configuration in which these two hydrophilic groups are spaced by a bulky hydrophobic segment in 
a comb-like shape as opposed to a linear configuration of many of conventional surfactants. This unique 
configuration may result in a increased critical micell concentration. Consequently, the resins have a high 
30 dispersing stability at varying concentrations and do not excessively increase the viscosity of a system 
containing the same at relatively higher concentrations. 

In order to introduce the anionic hydrophilic group in an efficient manner, it is imperative for the starting 
epoxy resin to have epoxide group at both terminal ends. Several methods are available for ring opening 
the epoxide group and introducing the anionic hydrophilic group. 
35 The simplest method comprises reacting the epoxide group with an aqueous solution of alkali metal 
bisulfite such as sodium bisulfite or potassium bisulfite. In this manner a sulfonate group may be 
introduced. 

Phosphoric acid group may be introduced by reacting the terminal epoxide group with orthophosphoric 
acid, pyrophosphoric acid, tri- or tetraphosphoric acid. MonoaikyI phosphates may also be reacted and 
40 Include, for example, monomethyl phosphate, monoethyl phosphate, mono-n-propyl phosphate, mono-n- 
butyl phosphate, monoocty) phosphate, mono-2-ethylhexyl phosphate, monolauryl phosphate and monooleyl 
phosphate. 

Carboxy group may be introduced by reacting the terminal epoxide group with a dicarboxylic acid or its 
acid anhydride such as oxalic, maleic, fumaric, succinic, azelaic, adipic, phthallc. isophthalic or terephthalic 
45 acid and a corresponding acid anhydride if appropriate. 

The introduction of anionic hydrophilic group may be effected stepwise by first ring opening the 
terminal epoxide group with a mono- or dihydroxy monocarboxyllc acid such as glycolic, lactic, hydrox- 
yplvalic or dimethylolproplonic acid, and then acylating the remaining hydroxy group with a potybasic 
carboxylic acid anhydride. 

50 A further method for introducing anionic hydrophilic group comprises reacting the terminal epoxide 
group with a water-soluble salt of a amlnocart)oxyllc acid, aminosulfontc acid or aminophosphoric acid. 

Aminocarboxylic acid usable for this purpose may be represented by the formula: Ra— NH— FU— COOH, 
wherein Ra Is H or unsubstituted or substituted C1-C20 alkyi and FU is unsubstituted or substituted C1-C12 
alkylene which may be interrupted with ether or ester linkage or unsubstituted or substituted phenylene. 

55 Specific examples of the above aminocarboxylic acids include glycine, N-butylglycine, N-hexylglycine. 
N-heptylglycine. N-dodecylglyclne. N-octadecylglycine, N-oleylgtyclne. alanine, N-methylalanlne. N- 
butylalanine, N-hexylalanine, N-heptylalanine. N-dodecylalanine. N-octadecylalanine, N-oleylalanine, /S-al- 
anine. N-methyl-jS-alanine. N-butyl-iS-alanine, c-aminocapronic acid, threonine, cysteine and methionine. 
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Aminosuifonic acids of the formula: 
R3— NH— FU— SO3H. wherein R3 and R4 are as defined, may be used for the same purpose and include, for 
example, taurine, 2-aminopropane-2-sulfonic acid, 2-amino-1,1-dlmethylethanesulfonic acid, 3- 
aminopentane'2-sulfonic acid. 4-amino-2*methylpentane-2-sulfonic acid. 3-amlnopropan6Sulfonic acid, 4* 

5 aminobutane-2-sulfonic acid, 4-aminobutanesulfonic acid, 5-aminopentanesulfonic acid. N-methyltaurine, N- . 
ethyltaurine. N-isopropyltaurine, N-butyltaurine, N-heptyltaurine. N-(2-octadecylsulfinylethyl)taurine, N-(2- 
stearoyloxyethyl)taurlne. 2-methylamtnopropanesulfonic acid, 2'dodecylaminopropanesulfonic acid, 2'OC- 
tadecylaminopropanesuifonic acid, 1-methylamino-2-methylpropane-2-sulfonic acid and 3- 
methylaminopropanesulfonic acid. 

10 Aminophosphoric acids of the formula:. 



15 



OR5 



20 wherein Ra and fU are as defined, and Rsis unsubstituted or substituted Ci-Cg alkyi or phenyl, may be 
used for the same purpose and include, for example, aminomethylenephosphonic acid, 
aminoethylenephosphonic acid and MichaeFs adducts of amines with vinyl phosphate. 

The above amino acids are used in the form of a water-soluble alkali metal, ammonium or amine salt. 

The terminal epoxide group of the formula: 

25 

B R . 

1^ 1^ 
— CH, — C — CH 

\/ 
0 

is converted, by the reaction with the above amino acid followed by treating with an acid, into one of the 
following amphoionlc groups: 

35 

P, R- H 
I' |2 I 

CH, — C — CH — N — R, — SO,H, • 

I I V 

OH ^2 



?1 h 



r r 

-CH, — C — CH — N — R^ — COOH, or 



I 

OH R 



so 



55. 



3 



R, R, H 0 
iM^ I II 

:h — N — R. — P^H 

I 1*1 
OH R3 R5 
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Similarty, the epoxide group may be reacted first with an aminoalcohol such as N-methylethanolamine 
or dlethanolamine to open the oxirane ring and then with a dibasic carboxylic acid anhydride for acylating 
the resulting terminal hydroxy group. This method also introduces a free carboxylic function to the terminal 
of the resin backt)one. 

5 A still further approach for introducing the anionic hydrophilic group to the terminal of the resin 
backbone comprises the steps of ring opening the terminal epoxide group by the reaction with water, an 
aminoalcohol. mono- or dihydroxy monocarboxylic acid, diol or diamine, and then reacting the resulting 
terminal hydroxy or amino group with a half blocked diisocyanante compound having a free or esterified 
carboxy group, followed by hydrolysis if necessary. 

10 Examples of ring opening agents which introduce a terminal hydroxy group include water: aminoal- 
cohols such as N-methylethanolamine or diethanolamine; mono- or dihydroxy monocarboxylic acids such as 
glycotic» lactic, hydroxypivalic or dimethylolpropionic acid; and diols such as ethylene glycol, trimethylene 
glycol, tetramethylene glycol, 1 ,6-hexanediol. neopentyl glycol. 1.5-pentanediol, 1 ,9-nonanediol, 3- 
methytpentane-1,5-diol, polylactonediol or polyetherdioL Examples of diamines which introduce a terminal 

75 amino group include ethylenediamine. diethylenetrlamine or ketimines of these diamines with a suitable 
ketone. When ketimines are used, the intermediate compounds are subjected to hydrolysis for regenerating . 
free amino groups. 

Half blocked diisocyanate compounds having a free carboxy group may be derived from free 
diisocyanate compounds as hereinbefore described by reacting with a monohydroxy monocarboxylic acid 

20 such as glycolic. lactic, hydroxypivalic, 12-hydroxystearic or p-hydroxybenzoic acid. These half blocked 
diisocyanate compounds may be coupled to the terminal hydroxy or amino group through the remaining 
free isocyanato group while retaining the free carboxylic function. 

Generally, the steps of introducing desired linear side chain blocks and anionic hydrophilic groups into 
the starting epoxy resin may be performed in any order. However, it is necessary to perform these two 

25 steps in one specific order depending upon the nature of particular reactants. For example, when 
introducing an anionic hydrophilic group using a hydroxycarboxylic acid and a dibasic carboxylic acid 
anhydride, the starting epoxy resin must be reacted first with the hydroxycarboxylic acid to introduce a 
primary alcoholic moiety at the terminal followed by acylating this alcoholic group with the dicarboxylic acid 
anhydride. Thereafter, side chains may be introduced by, for example, addition polymerizing a lactone to a 

30 secondary or tertiary alcoholic moiety in the middle of the resin backbone. 

Anodic Electrodeposition Coating Composition 

The modified epoxy resin produced by the above steps may be stably and uniformly dispersed in an 
35 aqueous medium containing a base in an amount sufficient to neutralize at least 20 mol% of the resin. 

Examples of bases include ammonia, diethanolamine. triethanolamine, methylethanolaine, diethylamine, . 
N.N-dimethylethanolamine, triethylamine, morphorine and potassium hydroxide. 

The aqueous medium is water or a mixture of water and a water-miscibie organic solvent such as 
ethylcellosolve, propylceilosolve, butylcellosolve, ethyleneglycol dimethyl ether, diacetone alcohol, 4- 
40 methoxy-4-methylpentanone-2 or methyl ethyl ketone. A small amount of a water-immiscible organic solvent 
such as xylene, toluene, methyl isobutyl ketone or 2-ethylhexanol may be added to the mixture of water and 
the water-miscible organic solvent. 

The modified epoxy resin may be combined with conventional anionic aqueous acrylic or oxidation- 
polymerizable resins. 

45 Negatively chargeable aqueous acrylic resins are known as a film-forming component of anodic 
electrodeposition coating compositions. They have a plurality of acid groups such as carboxy. sulfonic or 
phosphate group and are capable of dissolving or dispersing in water containing a base. 

Anionic acrylic resins are prepared by copolymerizing a monomer mixture containing an acrylate or 
methacrylate monomer and an ethylenically unsaturated monomer having an acid group. Examples of 

50 acrylate or methacrylate monomers include methyl acrylate or methacrylate, ethyl acrylate or methacrylate. 
butyl acrylate or methacrylate. 2-ethylhexyl acrylate or methacrylate, lauryl acrylate or methacrylate, 2- 
hydroxyethyl acrylate or methacrylate and glycidyl acrylate or methacrylate. 

Examples of monomers having acid group include acrylic acid, methacrylic acid, crotonic acid, itaconic 
acid, maleic anhydride, sulfoacrylate or (2-hydroxyethyl acrylate) acid phosphate. 

55 The monomer mixture may contain other ethylenically unsaturated monomers such as styrene. 
vinyltoluene. acrylonitrlle. acrylamlde and vinyl acetate. Commercially available water-soluble acrylic resins 
such as those sold by Toray Corporation under the trade name of KOTAX® WE-804 or WE-832 may be 
used. 
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Oxidation-poiymerizable resins used in anodic electrodeposltion compositions generally have a carbon- 
to*carbon double bond capable of oxidation polymerization and a negatively chargeable group such as 
carboxy. Typical examples thereof are maleinlzed natural or synthetic drying oils, maleinized polybutadiene. 
dicart)oxylic acids, half esters and half amides derived from the above maleinlzed resins by the reaction 
5 with water, alcohol, ammonia, primary or secondary amines. 

The electrodeposltion coating composition of this invention may further contain a water-soluble resin 
having no chargeable or hydrophilic group and/or a cross-linking agent. 

Examples of such water-insoluble resins are epoxy resins, acrylic resins, alkyd or polyester resins, 
phenol resins, silicone resins or fluorocarbon resins. These resins themselves are not soluble or dispersible 
10 in water but capable of self-crosslinking or cross-linking with a cross-linking agent. The resins may 
comprise an acid component in an amount corresponding to an acid number up to 10, 

Examples of cross-linking agents include melamine resins, urea resins, blocked polyisocyanate com- 
pounds, esters and polyesters capable of cross-linking through a transesterification reaction. 

The relative amount of water-insoluble resins and/or cross-linking agents generally does not exceed 
75 50% by weight of the total resin content on dry basis. Excessive use of these components may result in 
decreased stability and Coulomb efficiency. 

When these water-insoluble resins and/or cross-linking agents are combined with the water-soluble or 
water-dispersible modified epoxy resin disclosed herein, a coreshell type emulsion is formed in which the 
water-insoluble resins and/or cross-linking agents are the core component. 
20 The coating composition of this invention preferably has a Coulomb efficiency from 20 to 70 mg/C. If 
the Coulomb efficiency is lower than the above range, the electrodeposltion coating process consumes too 
much electrical energy and thus becomes less efficient. Conversely, if the Coulomb efficiency is higher than 
the above range, the deposited film tends to contain fine bubbles and exhibit excessive run when the film is 
subsequently baked. The Coulomb efficiency may be determined by the weight of electrically deposited 
25 resin per unit amount of electricity (Coulomb). 

The electrodeposltion coating composition of this invention may further contain conventional pigments 
such as titanium dioxide, ferric oxide, carbon black, aluminum silicate, precipitated barium sulfate, aluminum 
phosphomolybdate, strontium chromate, basic lead silicate or lead chromate. 

The electrodeposltion coating composition of this invention may be applied on a conductive substrate 
30 by the electrodeposltion coating process at a nonvolatile content of 10 to 20 % by weight to a dry film 
thickness of 15 to 30 microns. After applying, the resulting coating film may be cured at ambient or an 
elevated temperature of 1 00 * C to 1 80 • C. 

The Invention is further illustrated by the following examples In which all parts and percents are by 
weight unless othenwise specified. 

35 

Production Example 1 

To a flask equipped with stirring means, thermometer, nitrogen gas duct and reflux condenser were 
charged 267 parts of an epoxy resin having a number average molecular weight of 5.000 and an epoxy 

40 equivalent of 250 prepared by the reaction of bisphenol A with epichlorhydrine. and 270 parts of methyl 
isobutyl ketone. Then 126 parts of hydroxypivalic acid and 0.394 parts of benzyldimethylamine were added 
under nitrogen gas current. The solution was gradually heated to 120*C over 30 minutes and allowed to 
react until all epoxy function disappeared and an acid numt>er below 1 was reached. Then the mixture was 
reacted with 244 parts of sulfophthalic anhydride at 90 'C for 90 minutes. Thereafter 278 parts of c- 

45 caprolacton and 0.457 parts of dibutyltin oxide were reacted at 120* C for 8 hours. After cooling to 50 'C, 
the mixture was reacted with 683 parts of half blocked dilsocyanate obtained by reacting 
isophoronediisocyanate and stearyl alcohol on equimolar basis. Rnaliy, the reaction product was diluted 
with 130 parts of methyl isobutyl ketone whereupon modified epoxy resin A having a nonvolatile content of 
80.5% and an acid number of 77.2 was obtained. 

50 

Production Example 2 

To a flask as used in Production Example 1 were charged 368 parts of an epoxy resin having a number 
average molecular weight of 1.900 and an epoxy equivalent of 950 prepared from bisphenol A and 
55- epichlorhydrin. and 190 parts of methyl isobutyl ketone. The mixture was heated to 80*C under nitrogen 
gas current. To the mixture were added 73 parts of azelalc acid and 0.441 parts of benzyldimethylamine 
and the mixture allowed to react while elevating the temperature to 120*C over 30 minutes until all epoxy 
function disappeared and an acid number 51 was reached. Then the mixture was reacted with 873 parts of 
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c-caprolactone and 0.655 parts of tetrapropoxytitanium at 120*C for 8 hours. After cooling to 50 'C, the 
mixture was reacted with 245 parts of half blocked isophoronediisocyanate with stearyl alcohol until no 
isocyanato absorption was shown in IR spectrometry. Finally, the product was diluted with 210 parts of 
methyl Isobutyl ketone whereupon modified epoxy resin B having a nonvolatile content of 80.7% and an 
5 acid number of 1 1 .7 was obtained. 

Production Example 3 

To a flask as used in Production Example 1 were charged 586 parts of bisphenol A-epichlorhydrine 
10 epoxy resin having a number average molecular weight of 3,800 and an epoxy equivalent of 1,920 and 310 
parts of methyl Isobutyl ketone. Then 41 parts of dimethylotpropionic acid and 0.627 parts of benzyl- 
dimethylamine were reacted under nitrogen gas current while elevating the temperature to 120*C over 30 
minutes until all epoxy function disappeared and an acid number below 1 was reached. After cooling, the 
mixture was reacted with 94 parts of hexahydrophthalic anhydride at 100' C for 90 minutes. Then 879 parts 
;5 of €-caprolactone and 0.812 parts of dibutyltin oxide were reacted at 120* C for 8 hours. Finally, the reaction 
product was diluted with 90 parts of methyl isobutyl ketone whereupon modified epoxy resin C having a 
nonvolatile content of 80.2% and an acid number of 22.5 was obtained. 

Production Example 4 

20 

To a flask as used in Production Example 1 were charged 946 parts of bisphenol A-epichlorhydrine 
epoxy resin having a number average molecular weight of 10,000 and an epoxy equivalent of 5,000 and 440 
parts of methyl isobutyl ketone. Then 25 parts of dimethylolpropionic acid and 0.971 parts of benzyl- 
dimethylamine were reacted under nitrogen gas current while elevating the temperature to 120*C over 30 
25 minutes until all epoxy function disappeared and an acid number below 1 was reached. After cooling, the 
mixture was reacted with 58 parts of hexahydrophthalic anhydride at 100*C for 90 minutes. Then 170 parts 
of €-caprolactone and 0.508 parts of dibutyltin oxide were reacted at 120* C for 8 hours. Finally, the reaction 
product was diluted with 360 parts of methyl isobutyl ketone whereupon modified epoxy resin D having a 
nonvolatile content of 60.7% and an acid number of 20.5 was obtained. 

30 

Production Example 5 

To a flask as used in Production Example i were charged 456 parts of the epoxy resin used in 

Production Example 2 and 283 parts of methyl isobutyl ketone. Then 64 parts of dimethylolpropionic acid 
35 and 0.52 parts of benzyldlmethylamine were reacted under nitrogen gas current while elevating temperature 

to 120*C over 30 minutes until all epoxy function disappeared and an acid number below 1 was reached. 

After cooling, the mixture was reacted with 142 parts of phthallc anhydride at 100*C for 90 minutes. Then 

720 parts of 5-valerolactone and 0.69 parts of tetrapropoxytitanium were reacted at 120* C for 12 hours. 

Then 219 parts of half blocked toluylenediisocyanated half with 2-ethylhexanoi were reacted until no 
40 isocyanato absorption was shown in IR spectrometry. Finally, the reaction product was diluted with 117 

parts of methyl isobutyl ketone whereupon modified epoxy resin E having a nonvolatile content of 80.1% 

and an acid number of 34.5 was obtained. 

Production Example 6 

45 

To a flask as used in Production Example 1 were charged 275 parts of bisphenol A-epichlorhydrine 
epoxy resin having a number average molecular weight 3,800 and an epoxy equivalent of 190, and 210 
parts of methyl isobutyl ketone. Then 71 parts of adipic add and 0.403 parts of benzyldlmethylamine were 
reacted under nitrogen gas current at 120*C until an epoxy number of 716 and an acid number below 1 

50 were reached. Then 57 parts of hydroxypivalic acid were similarly reacted until no epoxy function was 
shown and an acid number below 1 was reached. After cooling, the mixture was reacted with 93 parts of 
trimellitic anhydride at 100*C for 90 minutes. Then 580 parts of c-caprolactone and 0.537 parts of 
tetrapropoxytitanium were reacted at 1 20 'C for 6 hours. The mixture was further reacted with 255 parts of 
half blocked isophornediisocyanate with 2-ethylhexanol. Finally, the reaction product was diluted with 190 

55 parts of methyl isobutyl ketone whereupon modified epoxy resin having a nonvolatile content of 80.8% and 
an acid number 35.0 was obtained. 

Production Example 7 
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To a flask as used in Production Example 1 were charged 338 parts of EPIKRON 830® (bisphenol F 
epoxy resin sold by Dainlppon Ink And Chemicals, Inc.) having an epoxy equivalent of 180 and 270 parts of 
methyl isobutyl ketone. Then 117 parts of azelaic acid and 0.455 parts of benzyldimethylamine were added 
and the mixture allowed to react at 120*C until an epoxy equivalent of 728 and an acid number below 1 

5 were reached. The mixture was further reacted with 74 parts of hydroxypivalic acid until no epoxy function 
was shown, following by reacting with 96 parts of hexahydrophthalic acid at 100*C for 90 minutes. To the 
reaction mixture were added 1 1 .2 parts of potassium hydroxide and 375 parts of propylene oxide in 730 
parts of toluene and allowed to react at 60*C for 18 hours. Finally, the reaction product was diluted with 
730 parts of methyl isobutyl ketone to a nonvolatile content of 50.1% whereupon modified epoxy resin G 

70 having an acid number of 36.1 was obtained. 

Production Example 8 

To a flask as used in Production Example 1 were charged 246 parts of DENAKOL EX-810® (polyether 
;5 type epoxy resin sold by Nagase Sangyo Co., Ltd.) having an epoxy equivalent of 112, 200 parts of adipic 
acid.. 0.45 parts of benzyldimethylamine and 50 parts of methyl isobutyl ketone. The mixture was allowed to 
react at 120*C under nitrogen gas current until an acid number of 69 was obtained. After cooling, the 
Intermediate product was reacted with 188 parts of €-caprolactone in the presence of 0.316 parts of 
dibutyltin oxide at 120* C for 8 hours and then with 965 parts of half blocked toluylenediisocyanate with 
20 PTMG-1000® (potytetramethylene glycol, Mitsubishi Chemical Industries Ltd.) until no isocyanato absorp- 
tion was shown in IR spectrometry. The reaction product was diluted with 350 parts of methyl isobutyl 
ketone whereupon modified epoxy resin H having an acid number of 20.2 and a nonvolatile content of 
80.0% was obtained. 

25 Production Example 9 

To a similar flask were charged 125 parts of the epoxy resin used in Production Example 1. 400 parts 
of methyl isobutyl ketone and 49 parts of phosphoric acid. The mixture was allowed to react at 25 * C under 
nitrogen gas current for 4 hours. Then 1,430 parts of c-caprolactone were reacted at 120* C for 8 hours in 
30 the presence of 0.71 parts of dibutyltin oxide whereupon modified epoxy resin I having a nonvolatile content 
of 80.9% and an acid number of 36.0 was obtained. 

Production Example 10 

35 To a flask as used in Production Example 1 were charged 350 parts of the same epoxy resin as used in 
Production Example 2, 212 parts of methyl isobutyl ketone, 22 parts of hydroxypivalic acid and 0,4 parts of 
benzyldimethylamine. The mixture was allowed to react at 120* C under nitrogen gas current until no epoxy 
function was detected and an acid number t>elow 1 was reached. Then 1,105 parts of £-caprolactone were 
reacted at 1 20 'C for 8 hours in the presence of 0.8 parts of tetrapropoxytitanium. The reaction product was 

40 diluted with 188 parts of methyl isobutyl ketone to a nonvolatile content 80.2% whereupon modified epoxy 
resin J having an acid number of 33.0 was obtained. 

Production Example 1 1 

45 To a flask as used in Production Example 1 were charged 287 parts of bisphenol A epoxy resin having 
a number average molecular weight of 500 and an epoxy equivalent 250, 270 parts of methyl isobutyl 
ketone and 86 parts of N-methylethanolamine. The mixture was allowed to react under nitrogen gas current 
at 80*0 until no epoxy function was shown. The mixture was reacted with 262 parts of sulfophthalic 
anhydride at 80*C for 90 minutes and then with 300 parts of c-caprolactone at 120*C for 8 hours in the 

50 presence of 0.467 parts of dibutyltin oxide. Thereafter, the mixture was reacted with 663 parts of half 
blocked toluylenediisocyanate with stearyl alcohol at 50 * C until no isocyanato absorption was shown in IR 
spectrometry. The reaction product was diluted with 130 parts of methyl isobutyl ketone to a nonvolatile 
content of 80.5% whereupon modified epoxy resin K having an acid number of 80.9 was obtained. 

55' Production Example 12 

To a flask were charged 367 parts of bisphenol A epoxy resin having a numt)er average molecular 
weight of 1,900 and an epoxy equivalent of 950. 225 parts of methyl isobutyl ketone and 41 parts of 
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diethanolamine. The mixture was allowed to react under nitrogen gas current at 80*C until no epoxy 
function was detected. The mixture was reacted with 119 parts of hexahydrophthalic anhydride at 100*C for 
2 hours and then with 580 parts of c-caprolactone at 120*C for 8 hours in the presence of 0.553 parts of . 
tetraisopropoxytitanium. The reaction product was further reacted with 204 parts of half blocked 
5 isophoronediisocyanate with 2-ethylhexanol until no isocyanato absorption was shown in IR spectrometry. 
The reaction product was diluted with 175 parts of methyl isobutyl ketone to a nonvolatile content of 80.2% 
whereupon modified epoxy resin L having an acid number of 27.2 was obtained. 

Production Example 13 

10 

To a flask as used in the preceding examples were charged 520 parts of the epoxy resin used in 
Production Example 11, 289 parts of methyl isobutyl ketone and 154 parts of N-methylethanolamine. The 
mixture was allowed to react under nitrogen gas current at 80 * C until no epoxy function was detected. The 
mixture was reacted with 1,087 parts of 12-hydroxy stearic acid-half blocked isophoronediisocyanate at 
IS 60 *C until no isocyanato absorption was shown in IR spectrometry and then with 238 parts of c- 
caprolactone at 120* C for 8 hours in the presence of 1.0 part of dibutyltin oxide. The reaction product was 
diluted with methyl isobutyl ketone to a nonvolatile content of 50.2% whereupon modified epoxy resin M 
having acid number of 57.2 was obtained. 

20 Production Example 14 

To a flask as used in the preceding examples were charged 730 parts of the epoxy resin used In 
Production Example 2. 347 parts of methyl isobutyl ketone and 81 parts of diethanolamine. The mixture was 
allowed to react under nitrogen gas current at 80*C until no epoxy function was detected and further with 

25 522 parts of hydroxypivalic acid-half blocked isophoronediisocyanate at 60*C until no isocyanato absorption 
was shown in IR spectrometry. Thereafter the mixture was reacted with 307 parts of c-caprolactone at 
120*C for 8 hours in the presence of 1.0 part of tetraisopropoxytitanium and further with 541 parts of 
isophoronediisocyanate/2-ethyIhexanol half blocked product until no isocyanato absorption was shown in IR 
spectrometry. The reaction product was diluted with 494 parts of methyl isobutyl ketone to a nonvolatile 

30 content of 50.8% whereupon modified epoxy resin N having an acid number of 42.0 was obtained. 

Production Example 15 

To a flask as used in the preceding examples were charged 236 parts of the epoxy resin used in 
35 Production Example 6. 236 parts of methyl isobutyl ketone, 90.6 parts of adipic acid and 0.16 parts of 
benzyldimethylamine. The mixture was allowed to react under nitrogen gas current at 120* C until an epoxy 
equivalent of 263 and an acid number below 1 were reached. Thereafter the mixture was reacted with 130 
parts of N-methylethanolamlne at 80*C until no epoxy function was detected, and further with 370 parts of 
isophoronediisocyanate/gtycotic acid, half blocked product until no isocyanato absorption was shown in IR 
40 spectrometry. The product was further reacted with 621 parts of a-valerolacton at 120* C for lO hours in the 
presence of 1.0 part of tributyltin oxide and with 552 parts of toluylenediisocyanate/stearyl alcohol half 
blocked product until no isocyanato absorption was shown by IR spectrometry. Finally, the reaction product 
was diluted with 524 parts of methyl isobutyl ketone to a nonvolatile content of 51.0% whereupon modified 
epoxy resin 0 having an acid number of 34.8 was obtained. 

45 

Production Example 16 

To a flask as used in the preceding examples were charged 257 parts of the epoxy resin used in 
Production Example 1. 162 parts of methyl isobutyl ketone, 121 parts of hydroxypivalic acid and 0.33 parts 

50 of benzyldimethylamine. The mixture was allowed to react under nitrogen gas current at 120*C for 30 
minutes until no epoxy function was detected and an acid number below 1 was reached. The mixture was 
reacted with 321 parts of toluylenediisocyanate/p-hydroxybenzoic acid half blocked product at 60*C until no 
isocyanato absorption was shown by IR spectrometry, and further with 843 parts of c -caprolactone at 120* C 
for 8 hours in the presence of 1.0 part of dibutyltin oxide. After cooling to 50 'C. the mixture was reacted 

55 with 457 parts of isophoronediisocyanate/stearyl alcohol-half blocked product until no isocyanato function 
was detected by IR spectrometry. The reaction product was diluted with 671 parts of methyl isobutyl ketone 
to a nonvolatile content of 50.4% whereupon modified epoxy resin P having an acid number of 28.0 was 
obtained. 
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Production Example 17 

To a flask as used in in the preceding examples were charged 974 parts of the epoxy resin used in 
Production Example 3. 447 parts of methyl Isobutyl ketone, 68 parts of dimethylolpropionic acid and 0.52 

5 parts of benzyldimethylamine. The mixture was allowed to react at 120"C until no epoxy function was 
detected and an acid number below 1 was reached. Then the mixture was reacted with 535 parts of 
lsophoronediisocyanate/12-hydroxystearic acid half blocked product at 60 *C until no isocyanato function 
was detected by IR spectrometry and further with 421 parts of €-caprolactone at 120*C for 8 hours In the 
presence of 1 .0 part of dibutyltin oxide. The reaction product was diluted with methyl isobutyl ketone to a 

70 nonvolatile content of 51.3% whereupon modified epoxy resin Q having an acid number of 28.8 was 
obtained. 

Production Example 18 

15 To a flask as used in the preceding examples were charged 1,348 parts of the epoxy resin used in the 
Production Example 4. 590 parts of methyl isobutyl ketone and 28 parts of diethanolamine. The mixture was 
allowed to react under nitrogen gas cun'ent at 120' C until no epoxy function was detected. Thereafter the 
mixture was reacted with 183 parts of hydroxypivalic acid-half blocked isophoronedrisocyanate until no 
isocyanato function was detected by IR spectrometry and further with 108 parts of t-caprolactone at 120*C 

20 for 8 hours in the presence of 1.0 part of dibutyltin oxide. After cooling to 50 'C, the mixture was reacted 
with 332 parts of 2-ethylhexanol-half blocked isophoronediisocyanate until no isocyanato function was 
detected by IR spectrometry. The reaction product was diluted with 637.5 parts of methyl isobutyl ketone to 
a nonvolatile content of 40.6% whereupon modified epoxy resin R having an acid number of 66.5 was 
obtained. . 

25 

Production Example 19 



To a flask as used in Production Example 1 were charged 297 parts of the epoxy resin used in 
Production Example 13, 297 parts of methyl isobutyl ketone, 70 parts of 1 .6-hexanediol and 1.0 part of 

30 benzyldimethylamine. The mixture was allowed to react under nitrogen gas current at 150* C until an epoxy 
equivalent of 309 was reached. Thereafter, the mixture was reacted with 1,238 parts of 12-hydroxystearic 
acid-half blocked isophoronediisocyanate at 60 *C until no isocyanate function was detected by IR 
spectrometry, and with 270 parts of c-caprolactone at 120*C for 8 hours In the presence of 1.0 part of 
dibutyltin oxide to obtain modified epoxy resin S having a nonvolatile content of 40.6% and an acid number 

35 of 66.5. 

Production Example 20 



To a flask as used in the preceding examples were charged 480 parts of a bisphenol A-epichlorhydrine 
40 epoxy resin having a number average molecular weight and an epoxy equivalent of 475. 300 parts of 
methyl isobutyl ketone, and 231 parts of diethylenetriamine-MIBK condensate. The mixture was allowed to 
react under nitrogen gas current at 130' C until no epoxy function was detected. The reaction product was 
hydroiyzed with 70 parts of water to regenerate free amino function. Then the product was reacted with 688 
parts of isophoronediisocyanate/hydroxypivalic acid-half blocked product at 80*C until no isocyanato 
45 function was detected by IR spectrometry and further with 230 parts of c-caprolactone at 120*C for 4 hours 
in the presence of 0.3 parts of dibutyltin oxide. Finally, the reaction product was diluted with methyl isobutyl 
ketone to a nonvolatile content of 70.2% to obtain modified epoxy resin T having an acid number of 67.0. 

Production Example 21 

50 

To a flask as used in the preceding examples were charged 416 parts of the epoxy resin used in 
Production Example 20, 300 parts of methyl isobutyl ketone and 200 parts of diethylenetriamine-MIBK 
condensate. The mixture was allowed to react under nitrogen gas current at 130* C until no epoxy function 
was detected. The reaction product was hydroiyzed with 72 parts of water and then reacted with 915 parts 
55- of lsophoronediisocyanate/12-hydroxystearic acid-half blocked product at 80*C until no isocyanato function 
was detected by IR spectrometry. Then the product was reacted with 200 parts of c-caprolactone at 120' C 
for 4 hours in the presence of 0.3 parts of dibutyltin oxide. Finally the reaction product was diluted wih 
1 .264 parts of methyl isobutyl ketone whereupon modified epoxy resin U having an acid number 61 .0 was 
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obtained. 

Production Example 22 

5 To a flask as used in the preceding examples were charged 238 parts of the epoxy resin used in 
Production Example 20. 150 parts of methyl isobutyl ketone and 114 parts of diethylene triamine-MIBK 
condensate. The mixture was allowed to react under nitrogen gas current at 130*C until no epoxy function 
was detected. After being hydrolyzed with 72 parts of water, the product was reacted with 327 parts of 
isophoronediisocyanate/ethyl glycolate-half blocked product until no isocyanate function was detected. The 

10 reaction product was then hydrolyzed with a mixture of 101 parts of triethylamine and 600 parts of water 
and then acidified with HCI. After removing aqueous phase, the reaction product was reacted with 50 parts 
of f-caprolactone at 120*C for 5 hours in the presence of 0.3 parts of dibutyltin oxide. The product was 
finally diluted with methyl isobutyl ketone to a nonvolatile content of 70% whereupon modified epoxy resin 
V having an acid number of 70.2 was obtained. 

15 

PREPARATION OF CONTROL RESINS 
Production Example 23 

20 Similar to Production Example 1 , 671 parts of the same epoxy resin in 400 parts of MIBK were reacted 
with 263 parts of hydroxypivalic acid in the presence of 0.987 parts of benzlydimethylamine and then with 
612 parts of sutfophthalic anhydride. Modified epoxy resin C-l having a non-volatile content of 80.7 and an 
acid number of 50.4 was obtained. 

25 Production Example 24 

Similar to Production Example 2. 1,335 parts of the same epoxy resin in 400 parts of MIBK were 
reacted with 264 parts of azelalc acid in the presence of 1.598 parts of benzyldimethylamine. Modified 
epoxy resin C-ll having a nonvolatile content of 80.2 and an acid number of 56.8 was obtained. 

30 

Production Example 25 

Similar to Production Example 3, 1,220 parts of the same epoxy resin In 400 parts of MIBK were 
reacted with 85 parts of dimethylolpropionic acid in the presence of 1 .306 parts benzyldimethylamine and 
35 then with 294 parts of hexahydrophthalic anhydride. Modified epoxy resin C-lll having a nonvolatile content 
of 80.1 and an acid number of 40.5 was obtained. 

Production Example 26 

40 Similar to Production Example 4. 1,074 parts of the same epoxy resin in 340 parts of MIBK were 
reacted with 75 parts of dimethylolpropionic acid in the presence of 1.35 parts of benzyldimethylamine and 
167 parts of hexahydrophthalic anhydride. The product was diluted with 60 parts of MIBK to a nonvolatile 
content of 80.3% to obtain modified epoxy resin C-IV having an acid number 188. 

45 Production Example 27 

Similar to Production Example 5. 723 parts of the same epoxy resin in 400 parts of MIBK were reacted 
with 217 parts of N-methylethanotamine and 659 parts of sutfophthalic anhydride to obtain modified epoxy 
resin G-V having a nonvolatile content of 80.4 and an acid number of 202. 

50 

Production Example 28 

Similar to Production Example 6, 1,115 parts of the same epoxy resin in 400 parts of MIBK were 
reacted with 123 parts of diethanolamine and 362 parts of hexahydrophthalic anhydride to obtain modified 
55 epoxy resin C-VI having a nonvolatile content of 80.2% and an acid number of 83. 

Production Example 29 
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Similar to Production Example 13. 1,059 parts of the same epoxy resin in 588 parts of MIBK were 
reacted with 314 parts of N-methylethanoIamlne and 627 parts of phthalic anhydride. The product was 
diluted with 268 parts of MIBK to a nonvolatile content of 70% to obtain modified epoxy resin C-VII having 
an acid number of 1 18.8. 

5 

Production Example 30 

Similar to Production Example 14, 1,394 parts of the same epoxy resin in 1,916 parts of MIBK were 
reacted with 154 parts of hydroxypivaiic acid and 451.9 parts of hexahydrophthalic anhydride. The product 
10 was diluted with 559 parts of MIBK to a nonvolatile content of 72% to obtain modified epoxy resin C-VIII 
having an acid number of 82.8. 

Production Example 31 

75 Similar to Production Example 14, 1,020 parts of the same epoxy resin in 627 parts of MIBK were 
reacted with 113 parts of diethanolamine and 330 parts of hexahydrophthalic acid. The product was diluted 
was 230 parts of MIBK to a nonvolatile content of 70% to obtain modified epoxy resin C-IX having an acid 
number of 60.2 

20 Production. Example 32 

Similar to Production Example 16, 736 parts of the same epoxy resin in 464 parts of MIBK were reacted 
with 347 parts of hydroxypivaiic acid and 918 parts of toluylenediisocyanate/p-hydroxybenzoic acid-half 
blocked product. The reaction mixture was diluted with 159 parts of MIBK to a nonvolatile content of 50.2 to 
25 obtain modified epoxy resin C-X having an acid number of 82.5 

Production Example 33 

Similar to Production Example 19,. 574 parts of the same epoxy resin in 318 parts of MIBK were reacted 
30 with 170 parts of N-methylethanolamine, 1,199 parts of isophoronediisocyanate/12-hydroxystearic acid*half 
blocked compound. The product was then reacted with 57 parts of 5-valerolactone In the presence of 1.0 
part of dibutyltin oxide and diluted with 538.2 parts of MIBK to a nonvolatile content of 48.9%. Modified 
epoxy resin C-XI having an acid number of 64.6 was obtained. 

Some properties of resin A through V and C-l through OXI are shown in Table t. 
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55 Example 1 

A 70:30 mixture on dry basis of Resin A and methylate melamine resin (Mn = 500, nonvolatile content 
100%. Nippon Paint Co.. Ltd.) was dissolved in deionized water containing an amount of trtethylamine 
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sufficient to neutralize 50% of Resin A at a dry content of 1 5%. 

The resulting composition was electrically deposited on a zinc phosphate-treated steel plate used as 
anode at 150 V for 3 minutes at 30* C. The coated plate was then rinsed with water and baked at 150* C for 
30 minutes to give a cured film having a thickness of about 25 microns. The resulting film was tested for its 
5 properties. 

Example 2 

Example 1 was followed except that resin B was replaced for Resin A and mixed with methylated 
70 melamine resin in a proportion of 80:20 on dry basis. 

Example 3 

80 parts on dry basis of Resin C and 20 parts of toluylenediisocyanate/2-ethylhexanol fully blocked 
75 compound were dissolved at a dry content of 15% in deionized water containing an amount of triethylamine 
sufficient to neutralize 50% of Resin C and 0.2 parts of dibutyltin oxide. 

The resulting composition was electrically deposited under the same conditions and baked at 170*C for 
30 minutes. 

20 Examples 4 through 7 

Example 1 was followed except that Resin A was replaced by Resins D through G, respectively. 

Examples 8 through 10 

25 

Example 3 was followed except that Resin C was replcaed by Resins H through J. respectively. 
Example 11 

30 Example 2 was followed except that 30% of Resin B was neutralized with triethylamine. 
Example 12 . 

40 parts on dry basis of Resin B, 20 parts on dry basis of methylated, melamine resin and 40 parts on 
35 dry basis of a water insoluble resin (Mn = 2,000. OH number 80, acid number 0, nonvolatile content 40%. 
Nippon Paint Co.. Ltd.) were dissolved at a dry content of 15% in deionized water containing an amount of 
triethylamine sufficient to neutralized 80% of Resin B. 

The resulting composition was electrically deposited and baked as in Example 1 under the same 
conditions. 

40 

Example 13 

Example 3 was followed except that Resin K was replaced for Resin C. 
45 Example 14 

Example 1 was followed except that Resin L was replaced for Resin A. 
Comparative Examples 1 through 3 

50 

Examples 1-3 were followed except that Resins A through C were replaced by Resins C-l through C-lll, 
respectively. 

Comparative Example 4 

55- 

Example 1 was followed except that Resin C-IV was replaced for Resin A. 
Comparative Example 5 
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Example 3 was followed except that Resin C-V was replaced for Resin C. 

Comparative Example 6 

5 Example 1 was followed except that Resin C*VI was replaced for Resin A. 

Properties of the films obtained in the preceding examples are shown in Table II. 

10 
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Remarks 

45 

1) Weight of cured film (mg) divided by the amount electricity (Coulomb). 

2) Pencils of MITSUBISHI UNI series were used. 

3) Crosscut tape test. The coated film was crosscut into 100 square sections of 1mm X 1mm. A 
celiophan adhesive tape applied on the cut surface was rapidly peeled off. 

50 The number of remaining sections was counted. 
@ > 90; A 70-90; X < 70 

4) Du pent impact strength tester was used. The maximum limit of dropping distance (cm) of a ball 
(500g, 1/2 inch diameter) which does not damage the film. 

5) Salt spray test. A 5% saline was sprayed for 200 hours. Evaluation was made by the width of rust 
55 developed from the cut edge according to the following schedule: 

© no rust; A < 2mm; X > 2mm 

A polished cold milled steel plate was used as a substrate. 

6) Visually determined according to the following schedule: 
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® very good; A fain X bad 
Examples 15 and 16 

5 Example 1 was followed except that Resin M or N was replaced for Resin A. 
Also the composition was tested for surface active properties. 

Example 17 

10 Example 2 was followed except that Resin 0 was replaced for Resin B. 
Example 18 

Example 2 was followed except that Resin P was replaced for Resin B and the amount of triethylamine 
75 was Increased to 70% neutralization of the resin. 

Examples 19 through 21 

Example 3 was followed except that Resin C was replaced by Resins Q through S, respectively, and the 
20 amount of triethylamine was increased to 70% neutralization of the resin. 

Example 22 

Example 3 was followed except that Resin C was replaced by Resin M and the amount of triethylamine 
25 was Increased to 70% neutralization of the resin. 

Example 23 

Example 12 was followed except that Resin B was replaced by Resin M and the amount of 
30 triethylamine was decreased to 50% neutralization of the resin. 

Examples 24 and 25 

Example 3 was followed except that Resin C was replaced by Resin T or U. 

35 

Example 26 

Example 2 was followed except Resin V was replaced for Resin B. 
40 Comparative Examples 7 through 9 

Example 15 was followed except that Resin M was replaced by Resins C-VII through C-IX. respectiveily. 
Comparative Example 10 

45 

Example 18 was followed except that Resin C-X was replaced for Resin P. 

Comparative Example 11 

50 Example 8 was followed except that Resin C-XI was replaced for Resin M. 

Properties of the compositions and films obtained in the preceding examples are shown in Table 111. 

55 
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Remarks 

7) Surface tension at 5% concentration measured by a dynometer. 

8) O good; A fair; X not dispersible 

50 9) Evaluation was made based on the amount of sediments after standing the composition for 1 month. 
O good; A fair; X bad 

10) Evaluation was made visually after immersing In. water for 20 days at 40*C. 
O no change; X occurrence of blister or no gloss 

55' Claims 

1. An anodic electrodeposition coating composition comprising a modified epoxy resin dispersed in an 
aqueous medium containing a base in an amount sufficient to neutralize at least 10 mole % of the 
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resin, said modified epoxy resin being derived from an epoxy resin having an epoxy equivalent from 
100 to 6,000 and two epoxide groups and at least one alcoholic hydroxy group at the terminals and the 
middle of the resin backbone, respectively, said modified epoxy resin having at said middle at least one 
side chain block of the formula: 




wherein Ri and Ra are independently H or CHa. A is an ether or ester linkage formed from said 
alcoholic hydroxy group or bivalent linkage formed by the reaction of a diisocyanate compound with 
said alcoholic hydroxy group. B is a linear polymer block selected from linear polylactone, poly lactam, 
polyether or polyester chains, and having a molecular weight from 100 to 7,000, and Y is hydroxy, 
amino, carboxy or a half blocked diisocyanate compound bound to these active hydrogen-containing 
groups, and at least one acid group derived from said terminal epoxide group, the ratio of the molecular 
weight of the backbone polymer segment to the total molecular weight of the side chains being 0.1 to 
10. 

The composition according to Claim 1 , wherein said acid group is a group of the formula: 




— CH, — C— CH — X . 



wherein Ri and R2 are as defined, and X is the residue of a polyfunctional carboxylic. sulfonic or 
phosphoric acid having an active hydrogen-containing group capable of reacting with said epoxide 
group. 

. The composition of Claim 1 . wherein said acid group is represented by the formula: 



1' 1^ 1^ 

— C H , — C— C H— N — R . — Z 
I 

OH 



or 
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R R 

— CH, — C — CH — N 



OH 



\r^— Z 



wherein Ri and are as defined, Ra is H. or unsubstituted or substituted Ci-C2o alkyl. R4 is 
10 unsubstituted or substituted C1-C12 atkylene or phenylene. optionally interrupted with a ether or ester 
linkage, and Z is 



75 



-COOH, -CHCOOH, -SO,H, 
CHjCOOH 



20 0 

B 

-050, H, -0-P-OH 
OR 

25 

wherein R5 is H, unsubstituted or substituted Ci-Ci2 alkyl or phenyl, or partially esterified polybasic 
organic acid residue. 

30 4. The composition according to Claim 1 , wherein said acid group is formed by reacting at least one of 
said terminal epoxide groups with a compound having at least two active hydrogen-containing groups 
capable of reacting with said epoxide group and with an isocyanato group, and reacting the resulting 
derivative containing said active hydrogen-containing group at said terminal with a half blocked 
diisocyanate compound with a hydroxycarboxylic acid. 

35 

5. The composition according to anyone of Claims 1 to 4 containing a water-Insoluble resin capable of 
selfcrosslinking or corsslinking with a crosslinking agent. 

6. The composition according to anyone of Claims 1 to 5 containing a crosslinking agent. 

40 

7. The composition according to Claim 6, wherein said crosslinking agent is an aminoplast resin or a 
polyisocyanate compound blocked with a blocking agent capable of unblocking upon heating. 

& The composition according to anyone of Claims 1 to 7 having a Coulomb efficiency from 20 to 70 
45 mg/C. 

PatentansprUche 

1. Beschichtungsmasse fUr anodisches Elektrotauchlackieren. umfassend ein modifiziertes Epoxyharz. das 
50 in einem wassrigen Medium dispergiert ist, welches eine Base in einer zur Neutralisation von 
wenigstens 10 Mol-% des Harzes ausreichenden Menge enthSIt, wobei das modifizierte Epoxyharz von 
einem Epoxyharz abgeleitet ist, welches ein Epoxyaquivalent von 100 bis 6.000 t)esitzt und zwei 
Epoxidgruppen und wenigstens eine alkoholische Hydoxygruppe an den Enden bzw. der Mitte der 
Harzhauptkette aufweist. und wot>ei das modifizierte Epoxyharz in der Mitte wenigstens einen Seiten- 
55- kettenblock der Formel 
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10 



R 

— 0 — CH^ — C — CH 
I 

A 

I 

B 
I 

y 



worin Ri und R2 unabhangig voneinander H Oder CH3 bedeuten, A eine aus der alkohoiischen 
Hydroxygruppe gebildete Ether- Oder EsterverknOpfung Oder ein aus der Umsetzung einer Dlisocyanat- 
verbindung mit der alkohoiischen Hydroxygruppe gebildetes bivalenten Bindeglied bedeutet B fUr 

15 einen linearen Polymerblock mit einem Molekulargewicht von 100 bis 7.000 steht, der ausgewahit ist 
unter linearen Polylacton-, Polylactam-, Polyether- Oder Polyesterketten, und Y fur Hydroxy. Amino, 
Carboxy oder eine halbblockierte Diisocyanatverbindung, welche an diese aktiven wasserstoff-enthalten- 
den Gruppen gebunden Ist. steht. und wenlgstens eine von der terminalen Epoxidgruppe abgeleitete 
Sauregruppe aufweist. wobei das Verhaltnis des Molekulargewlchts des Polymerhauptkettensegmentes 

20 zum Gesamtmotekulargewicht der Seitenketten 0,1 bis 10 betrMgt. 

2. Beschichtungsmasse nach Anspruch 1 , wobei die Sauregruppe eine Gruppe der Formel: 

I' 1^ 

— CH, — C — CH— X 
I 

OH 

30 

ist, worin Ri und R2 die angegebenen Bedeutungen besitzen und X der Rest einer polyfunktionellen 
Carbonsaure. Sulfonsaure oder Phosphorsaure mit einer ein aktives Wasserstoffatom aufweisenden 
Gruppe, die in der Lage ist, mit der Epoxidgruppe zu reagieren, ist. 

35 3. Beschichtungsmasse nach Anspruch 1, worin die SMuregruppe der Formel: 



^ _CH,— C — CH— N — R. — Z 

I 

OH 

45 Oder 



— CH, — C — CH — 

I 

OH 



55 



entspricht, worin Rt und Ra die angegebenen Bedeutungen besitzen, Rs fUr H oder unsubstituiertes 
Oder substituiertes Ci-Cjo-AlkyI steht, R* fUr unsubstituiertes oder substituiertes Ct-Ci2-Alkylen oder 
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Phenylen, gegebenenfalls unterbrochen durch eine Ether- Oder Esterbindung, steht und Z fUr 

-COOH, -CHCOOH, -SO,H, 
I 

CH.COOH 



0 

10 i 

-OSO.H, -0-P-OH 

IS 

worm Rs fur H. unsubstituiertes Oder substituiertes Ci-Ci2-Alkyl Oder Phenyl steht oder einen teilwelse 
veresterten polybasischen organischen SSurerest steht. 

4. Beschichtungsmasse nach Anspruch 1, worin die Sauregruppe gebildet ist durch Umsetzung wenig- 
20 stens einer der terminalen Epoxidgruppen mit einer Verbindung mit wenigstens zwei Gruppen mit 

einem aktiven Wasserstoffatom, welche in der Lage sind. mit der Epoxidgruppe und mit einer 
Isocyanatgruppe zu reagieren, und durch Umsetzung des erhaltenen Derivates, das eine terminate 
Gruppe mit einem aktiven Wasserstoffatom aufweist, mit einer mit einer HydroxycarbonsSure haibblok- 
kierten Diisocyanatverbindung. 
25 . " 

5. Beschichtungsmasse nach einem der AnsprUche 1 bis 4, enthaltend ein selbstvernetzendes oder mit 
einem Vernetzungsmittel vernetzbares wasserunlosliches Harz. 

6. Beschichtungsmasse nach einem der AnsprUche 1 bis 5. enthaltend ein Vernetzungsmittel. 

30 

7. Beschichtungsmasse nach Anspruch 6, worin das Vernetzungsmittel ein Aminoplastharz oder eine 
Polyisocyanatverbindung ist, welche mit einem beim Erhitzen deblockierenden Blockierungsmittei 
blockiert ist. 

35 8. Beschichtungsmasse nach einem der AnsprUche 1 bis 7 mit einer Ladungsausbeute von 20 bis 70 
mg/C. 

Revendfcations 

40 1. Composition de rev§tement par ^lectrod^position anodique comprenant une r^sine ^poxy modifiee 
dispers^e dans un milieu aqueux contenant une base dans une quantity suffisante pour neutraliser au 
moins 10 moles % de la rSsine, cette r^sine ^poxy modifiee 6tant obtenue k partir d'une r^sine §poxy 
ayant un Equivalent d'Epoxy de 100 ^ 6000 et deux groupes Epoxyde et au moins un groupe hydroxy 
alcoolique aux extr^mit^s et au milieu du squelette de la resine, respectivement, cette r^sine ipoxy 

45 modifiee ayant en son milieu au moins une sequence de chaine lat^rale repondant h la formula: 

1^ r 



50 



CHj — C — CH 



I 
A 
I 

B 
I 

55 Y 



dans laquelle Ri et Rj sont ind^pendamment H. ou CH3, A est une liaison 6ther ou ester form^e & 
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partir de ce groupe hydroxy alcoolique ou une liaison bivalente form^e par reaction d'un diisocyanate 
avec ce groupe hydroxy alcoolique, B est une sequence de polym^re lineaire choisie parmi des 
chaines de polylactone, de polylactame, de polyether ou de polyester lineaires. et ayant une masse 
mol§culaire de 100 ^ 7000, et Y est un groupe hydroxy, amino, carboxy ou un diisocyanate semi- 
btoqu^ et li^ ^ ces groupes contenant des hydrog^nes actifs. et au moins un groupe aclde obtenu k 
partir de ce groupe ^poxyde terminal, le rapport de ta masse mol^culaire du segment de poiym^re de 
squelette k la masse molecutaire totate des chaines lat^rales etant de 0,1 h^0. 

2. Composition selon la revendication 1, dans laquelle ce groupe acide est un groupe repondant a la 
formule: 



— CH,— C— CH— X 
I 

OH 



dans laquelle Ri et Rj sont tels que d^finis. et X est le radical d'un polyacide carboxylique, sulfonique 
ou phosphorlque ayant un groupe contenant un hydrog^ne actif capable de r^aglr avec ce groupe 
^poxyde. 

3. Composition selon la revendication 1 , dans laquelle ce groupe acide est reprSsent^ par la formule: 



?1 ?2 



— CH,- 



-C- 
I 

OH 



-CH — N — — Z 



R R- 



-CH, — C — CH — 

I ^R,— Z 

OH 



dans laquelle Ri et Rz sont tels que d^finis, R3 est H, ou un groupe alkyle en Ci -C20 non substitu^ ou 
substituS, R4 est un groupe alkyl&ne en Ci h Cm ou phSnyl&ne non substitu^ ou substitu^, interrompu 
si on le desire par une liaison ^ther ou ester, et Z est 
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-COOH, -CHCOOH, -SO,H, 
CH.COOH 

s 



10 0 

8 

-OSOjH, -0-P-OH 
OR 

15 

oD Rs est H, un groupe alkyie ou ph^nyle en Ci-Ci2 non substituS ou substitu^. ou un radical de 
polyacide organique partiellement es^rifi^. 

20 4. Composition selon la revendication 1, dans laquelle ce groupe acide est forme en faisant r^agir au 
. moins un de ces groupes ^poxyde terminaux avec un compost ayant au moins deux groupes 
contenant des hydrogenes actifs capables de r^aglr avec ce groupe epoxyde et avec un groupe 
isocyanato, et en faisant r^agir le d^riv^ obtenu, contenant ce groupe contenant des hydrogenes actifs 
h cette extr^mit^ avec un diisocyanate semi-bloqu^ avec un acide hydroxycarboxylique. 

25 

5. Composition selon I'une quelconque des revendications 1^4. contenant une reslne Insoluble dans 
Teau capable d'autoretlculatlon ou de reticulation avec un agent de reticulation. 

6. Composition selon Tune quelconque des revendications 1^5 contenant un agent de reticulation. 

7. Composition selon la revendication 6, dans laquelle cet agent de reticulation est une r^sine aminoplaste 
ou un potyisocyanate bIoqu§ par un agent de blocage capable de se debloquer par chauffage. 

8. Composition selon Tune quelconque des revendications 1 a 7, ayant un rendement coulomblque de 20 
35 2k 70 mg/C. 



40 



45 



50 



55* 
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